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Abstract 

We study supergravity inflationary models where inflation is produced along 
the angular direction. For this we express the scalar component of a chiral 
superfield in terms of the radial and the angular components. We then express 
the supergravity potential in a form particularly simple for calculations involving 
polynomial expressions for the superpotential and Kahler potential. We show 
for a simple Polonyi model the angular direction may give rise to a stage of 
inflation when the radial field is fixed to its minimum. We obtain analytical 
expressions for all the relevant inflationary quantities and discuss the possibility 
of supersymmetry breaking in the radial direction while inflating by the angular 
component. 
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I. INTRODUCTION 



Inflationary potentials in supergravity models typically involve the radial direction of 
the scalar component of chiral superfields. Here we would like to explore the possibility of 
having inflation along the angular direction. We show for superpotentials and Kahler poten- 
tials of the polynomial type the supergravity potential can be written in a form containing a 
cos [0] -term where the field defines the angular part of the scalar component of the chiral 
superfield of the theory. In particular we study a potential of the form V = A'^{1 — cos[0]). 
This expression is reminiscent to pseudo Nambu-Goldstone boson (PNGB) models of in- 
flation dubbed as "natural" inflation [1]. These models have also been used to produce 
curvature perturbations [2] by a field other than inflaton, thus reviving some of the inter- 
esting models of infiation stemming from particle physics which are overrestrictcd by the 
number of constraints which may rule out the models from the present observations. One 
should also keep in mind that in supergravity the only physical scale is the Planck scale. 
Thus, the similarity to natural inflation is just a formal one. 

In this paper we show that potentials of cosine type can be accounted for very naturally 
within supergravity theories, where the field (p can play a role of infiaton in some models, or, 
it could work as a curvaton in others. This leaves the possibility of looking for supersymmetry 
breaking in the radial direction in the first case, or, constructing models of inflation in the 
radial direction while the curvature perturbations are generated by the angular part in the 
second case. In this paper we do not study all possibilities which can occur but simply 
show how supergravity allows one of the scenarios. We work out a very simple case which 
could be described as a Polonyi potential [3] with an angular component. We discuss a 
very nice feature of the model which containing only one complex scalar fleld providing, 
nevertheless, the possibility of supersymmetry breaking with a vanishing vacuum energy in 
the radial direction while inflating by the angular component. Finally, we provide analytical 
expressions for inflationary quantities such as the end of inflation, scale of inflation, reheat 
temperature, number of e-folds and spectral index. 



II. THE POLONYI POTENTIAL WITH AN ANGULAR COMPONENT 

Let us consider the supergravity potential for one chiral superfleld with scalar component 
z and without D-terms [4] 
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The reduced Planck mass M ~ 2.4 x 10^^ GcV has been set equal to one. The superpotential 
and Kahlcr potential denoted W and K respectively. Here we are interested in models where 
W and K are given by polynomial expressions such as 



W^^a^z'', 



(3) 
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and 



K=J2bn{^^T, (4) 



n=l 



where a„ and bn are real coefficients. In general, as we have shown in the Appendix this 
structure leads to expressions that contain cos-form potentials for the angular field (p which 
is a real field defined from 2; in a following way 

z = xe"^ . (5) 

Here x represents the radial field, and (p is measured in units of reduced Planck scale. With 
the above definitions we claim that it is possible to obtain a bout of infiation. In order to 
illustrate this, let us consider the case where the superpotential is simply given by 

W ^ ao + aiz , (6) 

with canonical kinetic energy term for which K — zz* — x"^- K is then straightforward to 
see that the supergravity potential becomes 

V = e^" {alix^ - 3) + a?(l - + x') + 2aoaix(x' - 2) cos[0]) . (7) 

Choosing oq = and Oi = this is none other than the Polonyi potential with an 

angular component [3]. For = this reduces exactly to the Polonyi case where (3 = 2 — 
and at the minimum x takes the value Xo — — 1. In this case setting x to its minimum 
the supergravity potential reduces to 

y = A^(l-cos[0]), (8) 

where 

A = (8(7 - 4V3)e^-2^)^/^m ^m. (9) 

The Polonyi potential breaks supersymmetry with vanishing vacuum energy. It is then nat- 
ural to ask whether it is possible to break supersymmetry in the x-dircction while inflating 
at the supersymmetry breaking scale along the 0-dircction. Note that infiation comes only 
from the angular component, as long as the radial direction remains fixed at its local min- 
imum. On the contrary, no inflation occurs if the x field rolls down towards any of the 
local minima while keeping the angular component flxed. The actual dynamics of the fields 
including whether infiation occurs or not clearly depends on the initial conditions. We will 
proceed with our study by analyzing the particular case where only the <p field rolls down. 
Thus, hereon we will implicitly assume that for some reason the radial direction has been 
already fixed. 



III. ANGULAR INFLATION 

Here we obtain closed forms for all the relevant quantities involved in the infiationary 
era for a potential Eq. (8). 
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1) The end of inflation. In the model under consideration inflation is generated while 
(p rolls down from close to tt towards the minimum at = 0, see Fig.l, and x is fixed to 
its minimum at x = \/3 — 1. The end of inflation occurs at 4> — (pe when the slow roll 
conditions are violated. The slow-roll conditions are upper limits on the normalized slope 
and curvature of the potential, these are given by [5] 



V 



< 1. 



(10) 



The potential determines the Hubble parameter during inflation as ifjn/ = d/a y^V^/S. 
Inflation ends when e and/or I77I become of In the model under consideration the end 

of inflation is given by the saturation of the flrst condition in Eq. (10), we obtain 



0e = 2 ArcTan 



(11) 



2) Number of e-folds. The number of e-folds from 0h to the end of inflation at 0e is 

(12) 
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where the subscript H denotes the epoch at which a fluctuation of wavenumber k crosses the 
Hubble radius during inflation, i.e. when aH — k. (We normalize a = 1 at the present 
epoch, when the Hubble expansion rate is Hq = lOO/i kms~^Mpc~^, with /i ~ 0.5 — 0.8). 
Prom Eqs. (11) and (12) we get 



= 2 ArcCos 



(13) 



3) Scaleir density perturbations. The adiabatic scalar density perturbations are 
generated through quantum fluctuations of the inflaton fleld. The amplitude of the pertur- 
bations is measured by [6] 



y3/2 



Solving Eq. (14) together with Eq. (13) we flnd 



(14) 
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where An = vTStt^h- The COBE observations [7] of anisotropy in the cosmic microwave 
background on large angular-scales provide 



ScoBE ^ 1-9 X 10 
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(16) 
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on the scale of the observable universe 

{^coBE ~ ^o"^ ~ 3000/1-1 ^pp-) addition the 
COBE data fixes the spectral index, nB.{k) = 1 + d In S^{k)/ dink, which is usually written 
as 

4 cos[</)h1 2 , , 

riH A; =l-6eH + 277H = -- :^ ^TTT ~ q • 

3 1 — cos[0hJ 3 

Notice that nn is independent of the scale of inflation. 

4) Reheat temperature. The reheat temperature at the beginning of the radiation- 
dominated era is given by 

where F is the decay rate of the field. When decays with gravitational strength inter- 
actions only this is given by F A^A^, where A is the coupling constant. In the expression 
for the reheat temperature above g^.. is the number of relativistic degrees of freedom which 
for the minimal supersymmetric standard model gives 915/4. 

5) Scale of inflation. We approximate Eq. (15) by throwing away the second term in 
the bracket which is exponentially suppressed for large values of Nh- Thus we have 




^H = y-A^e-. (19) 

This equation determines A once the number of e-folds is specified. The number of e-folds 
A^H is given by [8] 

N^^67 + UnH + UnTrh. (20) 
Solving the above equation consistently with Eq. (19), we obtain 

(21) 
where 

^, = 67+l.nf|UiJ.m'V (22, 
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We notice that the scale of infiation A only depends on the coupling constant A. Once 
this is given, then all relevant inflationary parameters like the scale of inflation, reheat 
temperature, spectral index and the number of e-folds can be obtained from Eqs. (21), 
(18), (17), and (20), respectively. Also note that the end of inflation is already flxed by the 
numerical value determined by Eq. (11). The upper bounds to these parameters for A = 1, 
are given by Trh ~ 0.1 GeV, A 1.1 x 10^^ GeV, uh ^ 0.67 and Nh ~ 42. As A gets 
smaller all these quantities decrease but the spectral index remains flxed. The possibility of 
having supersymmetry breaking at a scale 10^° — lO^^GeV^ induced by x vacuum while the 
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field is inflating is not favoured by these values. It could be however that this interesting 
possibility may be realized in a more elaborated model of this type. 

6) Quantum fluctuations. The value 0h at the beginning of inflation should exceed 
the quantum fluctuations of the inflaton 50 ~ ^ ~ i^Ts- 0h < tt we can impose an 
upper bound on 



< 10"^ (23) 



Thus we see that 6(j) is always much less than the value of the inflaton at the beginning of 
inflation which at most should start at = tt. 



IV. CONCLUSIONS 

We have argued that a supergravity potential involving polynomial expressions for the 
superpotential and the Kahler potential depending on a single complex scalar fleld z can in 
general contain cos[0]-terms coming from the angular direction. 

We work out in detail the simplest possible model which gives rise to this type of po- 
tential: a Polonyi potential with an angular component. This model is interesting because 
it raises the possibility of having supersymmetry breaking with vanishing vacuum energy in 
the radial direction while inflating in the angular one. The results obtained in this simple 
model, however, does not favour the model because the spectral index comes out to be par- 
ticularly low. We study the angular direction of the potential and obtain closed expressions 
for all the quantities relevant during inflation such as the end of inflation, scale of inflation, 
reheat temperature, spectral index and number of e-folds. We also argue that the potential 
in the 0-direction could be used instead as a model for the curvaton leaving the radial part 
as an inflationary sector, though we do not discuss more on this here. 



APPENDIX 



Here we obtain an expression for the supergravity potential particularly appropriated for 
calculations involving polynomial expressions for the superpotential and Kahler potential. 
Our main goal is to show the appearance of cos-type terms on the angular field potential. 

By using the superpotential and Kahler potential as given by Eqs. (3) and (4), it is 
straightforward to show that the supergravity potential can be written in the form 

oo oo 
n=0 m=0 

where Ki denote the sums 

K, = J2nbn{zz*r , (25) 

n=l 



{n + Ki){m + Ki) 

^9 



(24) 



oo 

E 
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(26) 
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Notice that for superpotentials and Kahler potentials of the form Eq. (3) and Eq. (4), 
respectively, Eq. (24) is entirely equivalent to the supergravity potential given by Eq. (1). 
Let us now insert the radial and angular fields by writing z in the way expressed by Eq. (5), 
z = xe**^. The potential is then given by 



oo oo 



n=0 m=0 



{n + Ki){m + Ki) 



-3 



anOmX"^"" cos[(n - m)0], 



(27) 



which can finally be rewritten as 



where 



oo oo 



^ m=0 n>m 



{n + Ki){m + Ki) 



-3 



OnamX""^™ cos[(n - m)0] 



(28) 
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(77. + A'i)^ 
^2 



-3 



(29) 



Notice that indeed cos[0] pieces appear in this general potential as we have mentioned 
already before. However, we should mention that whether these terms would give rise to 
inflation or not is in fact a model dependent issue that has to be settled down case by case. 
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